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A Study on Countermeasures for Risk Factors Through Risk
Analysis of Earthwork

ABSTRACT

According to a recent study, most construction companies in Korea do not manage risk effectively, and it is judged that the risk
management system needs to be improved. In addition, most risk-related studies deal with risks from a macroscopic perspective, and
there are few studies dealing with process risks at the project construction stage. Therefore, this study tried to suggest a risk response
plan through analysis and classification of risk factors that may occur in retaining work among process risks. To this end, a workshop
was held for risk experts to identify and analyze risks that may occur during the construction of retaining work for apartments. As a
result of the study, it was expected that savings of KRW 4.97 billion would be possible in the 95 % confidence interval, and the
maximum possible cost was reduced from KRW 15 billion to about KRW 10 billion. Based on the risk reduction ratio, it was found
that risks that can be reduced without any special input cost, risks with large effects in response to risks, and risks with insignificant
effects were found. Therefore, using the types and risk factors presented in this study as guides, it is expected that it will be helpful in
successfully operating the project if an appropriate response strategy is prepared and systematically responded to the site conditions.
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Table 1. Risk Factors Derived from Risk Workshop

Idea No. Risk Factor Probability (%) | Impact* |Impact Score
1 Damage to underground facilities 20 H 24
2 Dust and traffic problems from excess soil movement 20 6
3 Noise and vibration generated during rock excavation 1 H 8
4 Claims from nearby residents 5 H 8
5 Union strike 20 L 6
6 Differential settlement due to non-secure verticality in CIP method 20 L 6
7 Stopped work due to Corona virus 5 M 4
8 Leakage due to poor grouting 5 V/H 16
9 Warpage occurs due to insufficient rigidity of the material 20 L 6

10 Noise and vibration by lack of test blasting 10 V/L 2
11 H-pile deformation due to the rapid construction of the Raker 10 H 16
12 Stratum deformation due to poor ground investigation 30 V/H 48
13 Scattering from blasting 10 L

14 Deck plate fall and equipment overturn 10 L 4
15 Lack of anchor tension 20 H 24
16 Natural Disasters 1 H 8
17 Deformation of lagging walls 1 H 8
18 Equipment crash 20 L 6
19 Low skill level of subcontractors 5 H 8
20 Complaints about noise and vibration 20 L 6
21 Rock scattering due to blast coefficient error 10 L 4
22 Safety of nearby building 1 V/L 1
23 Gunpowder handling risk 5 L 2
24 Weathering of exposed rock 10 4
25 Edge part earth anchor construction 5 H 8
26 Insufficient drain facility 10 M 8
27 Subsidence of nearby building or underground facilities 1 V/L 1
28 Lagging walls soil section risk 10 H 16
29 Earth anchor risk during constructing wall 5 V/H 16
30 Dust caused by wind 20 L

31 Complaints caused by dust in the wind 30 L

32 Temporary deck collapse 10 H 16
33 Temporary wall collapse 5 H 8

*V/L : Very Low, L : Low, M : Moderate, H : High (90), V/H : Very High (100)
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Table 2. Definitions of Impact and Probability Ratings (Caltrans, 2012)
Rating — Very Low Low Moderate High Very High
Cost Impact of Threat Insignificant <5 % cost 5-10 % cost 10-20 % cost >20 % cost
(CO+COS) cost increase increase increase increase increase
Cost Impact of Opportunity Insignificant cost <1 % cost 1-3 % cost 3-5 % cost >5 % cost
(CO+COS) reduction decrease decrease decrease decrease
ieni < - - >
Schedule Impact of Threat Inmgmﬁcant l.month 1 3.months 3 6.months 6.m0nths
slippage slippage slippage slippage slippage
Schedule Impact of Insignificant <1 month 1-2 months 2-3 months >3 months
Opportunity improvement improvement improvement improvement improvement
Probability 1-9% 10-19 % 20-39 % 40-59 % 60-99 %

5-Very High

3-Moderate

Probability
Rating

1-Very Low

1 ]
Very Low | Low

Moderate

16
i Very High

! High

Impact Rating

Fig. 1. Caltrans Risk Matrix (Caltrans, 2012)
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Table 3. Adopted Risk Factors and Risk Responses

] - olot - 7S

No.|Idea No. Risk factor Risk Description Risk Response
| | Damage to underground Damage to underground facilities | Detailed underground exploration and consultation with the
facilities during excavation management authority of underground facilities
2 8 Leakage due to poor groutin, Weakening of workability due to Recvli:z;,(i}flfﬁzzﬁtﬂ?te:ﬁtﬁlXn(i:;%itllbielfolrlet Z(l)lrrllsr:m CEZI? .
g poorg 8 inflow of groundwater grouting P g quality
spection
H-pile deformation due to the Increased risk O.fls.()ldler pile and . . .
3 11 . . temporary facilities due to the Compliance with the design standards and the work manual
rapid construction of the Raker . .
deformation of the H-pile
4 12 Stratum defor.matlm? du.e to poor Desien and site are different Conduct additional ground mv:cstlgatlon before starting
ground investigation construction
. Increased risk of soldier pile due to | Secure the required tensile force by increasing friction with the
> 15 Lack of anchor tension lack of tensile force ground by using the PACK anchor
6 23 Lagging walls soil section risk Subsidence of soil that adjoining | Constant monitoring by msFallmg groundwater level gauge and
lagging walls subsidence gauge
7 29 Earth anchor risk during wall Risk of collapse due to reduced |Constant measurement of deformation of wall, Establishment of
construction resistance due to early removal the construction plan to prevent loss of tensile force
Temporary deck collapse due to | Real-time displacement measurement and notification system
8 32 Temporary deck collapse overload establishment by loT sensor
Table 4. Cost of Pre and Post Risk Response
Pre-Response Post-Response .
Mini Most Likel Maxi Mini Most Likel Maxi Risk Response
No. inimum ost Likely aximum Probability inimum ost Likely aximum Probability Cost
Cost Cost Cost %) Cost Cost Cost %) (Milion Won)
(Milion Won) | (Milion Won) | (Milion Won) ’ (Milion Won) | (Milion Won) | (Milion Won) ’
1 200 500 800 20 200 500 800 2 34
2 1,000 2,000 3,000 5 200 500 700 1 0
3 2,000 2,500 3,000 10 2,000 2,500 3,000 2 0
4 2,000 3,000 4,000 30 500 800 1,000 3 30
5 1,000 2,000 3,000 20 1,000 2,000 3,000 1 12
6 1,000 3,000 5,000 10 1,000 3,000 5,000 2 7
7 2,000 5,000 8,000 5 2,000 5,000 8,000 1 7
8 2,000 3,200 4,500 10 2,000 3,200 4,500 1 7
A I GRS 2 T3S AR Ay, 4 AkeAt o] XA ZRAE WA= FIE BRIsE] felirle 2HTER
Baro @ Q3 A|2WAe) A ) AEALE Fal] Blaa ARU|AS offdle] Z7te) glamie] i) AA) Blaas
gekET} WY A GRS S S Ao R k) whEelt: Aol gtk 2 Hels A =2 87 2l dise]
Tk 2, 3 L ARl FEAARL A el g W o Palisade A}¢] @RISK 8.1-% Ehg3le] Re|7lE2 AEHo| S
RIek= Zvto 2 F8] T EE GRS U F 9len Algaliek ARgelold 23t Table 59} Fig. 2 22 Aip} =24
2 gaa g vE-S 0902 Agsioirt. Ak
Table 5¢] 7} == @ i g vl83} A3t
3. 2A3 24 5 % 95 %lHe] WY 18-S Lkl Holtk RE el 8915e

gl ] ZeAls 3 2det Bl gRsl WlE A EE
I} ofede] ARl AR vEdt): o] AEld g aas

2T e Fols WA 0] § %virio e Ueptow, o)
Bajo] BAe Aol AN 95 % AT 2laa
7} uPBEA) 93 Aow BAHNT: 2 tfe Ae) A9 5 %

Vol42 No.5 October 2022 685



Futolgel elam BAS BE elad aQl the el Bt A
Table 5. Monte Calro Simulation Results
Expected Value (Milion Won)
Risk R Cost -
No. S(Mifiizoxzn)os Pre-Response (A) Post-Response (B) Difference (C) (C = A-B)
5% 95 % 5% 95 % 5% 95 %
1 34 - 578 34 34 -34 543
2 — — — — — —
3 - 2,496 - - - 2,491
4 30 - 3,404 30 30 -30 3,364
5 12 - 2,265 12 12 -12 2,249
6 7 - 3,045 7 7 -7 3,017
7 7 - - 7 7 -7 -7
8 7 - 3,225 7 7 -7 3,213
Total 97 - 15,013 97 97 -97 14,369
0.0 74.4 1.0 24.7
oy L20% 5.0% | 5.0%
7% 80%
6% 70%
? % ? 60%
E E 50%
8 @RISK Course Version 3 @RISK Course Version
o Kyungpook National Yniversit y O a0% Kyungpook National Universit y
O gy a
30%
e 20%
% 10%

° o ° 3 3 3
S

Risk impact (100Milion won)

120
140

(a) Pre-response

160

0%
o ) ) 2 3 2 3 ° 2 =
E] 8 8 ]

o )
@ ? a 3 R g E

Risk impact (100Milion won)

(b) Post-response

Fig. 2. Monte Calro Simulation Results
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Table 6. Risk Reduction Effect Summary
Pre-Response Post-Response Risk
Score | Response | Risk
No. Risk Factor Proba- Impact | Proba- Tmpact | Difference Cf)ft Red}lction
bility | Impact* | Score | bility |Impact| Score © (Milion | Ratio (E)
(%) A | @) (B) (C=AB) | Won) | (E=C/D)
D)
1 |Damage to underground facilities 20 L 6 2 2 3 34 0.09
2 |Leakage due to poor grouting 5 4 1 L 2 2 0 ok
Heoile defe . - -
3 pile deformation due to the rapid construction of the 10 H 16 ) H g ) 0 )
Raker
4 |Stratum deformation due to poor ground investigation| 30 H 24 3 L 12 30 0.40
5 |Lack of anchor tension 20 M 12 1 M 3 12 0.25
6 |Lagging walls soil section risk 10 H 16 2 H 2 7 0.29
7  |Earth anchor risk during constructing wall 5 V/H 16 1 V/H 16 1 0.14
8 | Temporary deck collapse 10 H 16 1 H 8 2 0.29
*V/L : Very Low, L : Low, M : Moderate, H : High, V/H : Very High
**Divided by zero (0)
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